Plant viruses represent a significant threat to food security for many 23 global populations. Cassava Brown Streak Virus (CBSV) causes immense damage 24 to cassava crops in Eastern, Central and Southern Africa. The eradication of CBSV 25 is a difficult challenge, as it has been shown to be fast-evolving and it is 26 transmitted by flying insects that are ubiquitous in cassava growing regions. In this 27 paper we demonstrate the ability of two new developments in bioinformatics that 28 can be used to increase our understanding of CBSV and ultimately inform 29 strategies for its combat. We reconstruct the phylogeny of 29 whole-genome virus 30 isolates using the GHOST model. This phylogeny identifies three distinct clades 31 among the viruses and highlights a section of the genomes that is highly influential 32 in their divergence. We also perform Multiple Correspondence Analysis on the 33 alignment which is consistent in recovering the three clades, and offers insight on 34 the significance of the influence of a variety of external variables on the evolution of 35 the viruses. Knowledge and information from this analysis will be used as a base on 36 which to formulate sustainable Cassava Brown Streak Disease (CBSD) 37 management strategies in Africa.
CBSV and UCBSV. The third class distinguishes itself from the second by a clade 138 of four CBSV replicates that diverges from both UCBSV and the remaining CBSV 139 replicates. 140 Unlike the trees of the 3-class model, the trees of the 10-class model 141 (Supplementary Figure S3 ) preferred by AIC bear the hallmarks of overfitting, as 142 described in Crotty et al. (2017) . Many of the classes bear strong similarity to each 143 other, most noticeably the first three classes all appear strongly conserved across all 144 taxa, much like the first class of the 3-class model. In fact, it is not unreasonable to 145 suggest that all 10 class trees could be loosely categorised as falling into one of the 146 three categories defined above by the trees of the 3-class model. No significant new 147 phylogenetic signal appears to be captured by this model, beyond those which were 148 found by the 3-class model. Consequently, we concluded that the 3-class GHOST 149 model with a GTR model of sequence evolution provided the best fit to this
UCBSV_TZ_Tan_23_KR108839 UCBSV_UG_Ml_B3_FJ039520 CBSV−TZ Class (w=0.147) Figure 1 : Trees inferred by IQ-TREE using the GHOST model with three GTR classes. Figure 2 : A cumulative sum plot of the probability of sites belonging to the CBSV-TZ Class, for the P1 gene. The average gradient in any contiguous region is representative of the contribution of this region to the CBSV-TZ Class. The red dashed line indicates the average probability of the sites in the P1 gene belonging to the CBSV-TZ Class. The blue dashed line indicates the average probability of all sites in the genome belonging to the CBSV-TZ Class. The green box highlights a section of the gene in which the gradient is particularly steep, indicating that this region contributes strongly to the CBSV-TZ Class.
from Table 1 , that the average gradient of the P1 gene (represented by the red 188 dotted line) is nearly double that of the average gradient across the entire genome 189 (represented by the blue dotted line). Additionally, Figure 2 also demonstrates that 190 the contribution to the CBSV-TZ Class is not even across the entire gene.
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Compared to the average for the entire gene, there is a noticeable increase in 192 gradient, roughly between nucleotide 70 and 170. We therefore surmise this to be obvious feature is that two isolates strongly distinguish themselves from the 241 remaining 13 along the first principal dimension. Even though these two isolates 242 are clearly distinct from the others, we can see in Figure 6 that they obviously still 243 belong to the UCBSV cluster. What is most intriguing about these two outliers, is 244 that they appear to share very little in common. Figure 9 indicates that they are 245 separated temporally, geographically and altitudinally. across the entire genome. That said, of the ten genes in the genome, the P1 gene is 266 the strongest relative contributor to the signal and focusing on this gene seems 267 apt. Figure S1: Results of model test procedure to select the optimal substitution model and number of classes, using BIC as the discriminating criterion. A total of 13 different nucleotide substitution models were tested, and each model was tested with between 2 and 12 classes. Poorly performing models (BIC > 120000) have been filtered out to improve resolution amongst the remaining models. Figure S2: Results of model test procedure to select the optimal substitution model and number of classes, using AIC as the discriminating criterion. A total of 13 different nucleotide substitution models were tested, and each model was tested with between 2 and 12 classes. Poorly performing models (AIC > 117000) have been filtered out to improve resolution amongst the remaining models. Figure S3 : Trees inferred by IQ-TREE using the GHOST model with ten GTR classes. Tip labels are not shown for clarity. As in Figure 1 , green edges form the CBSV clade, blue edges form the CBSV-TZ clade and orange edges form the UCBSV clade.
